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Objectives. To assess the outcome of carotid endarterectomy in England with respect to the hospital case-volume.
Methods. Data were from English Hospital Episode Statistics (2000e2005). Admissions were classified as elective or
emergency. Risk-adjusted data were analysed through modelling of death rate, complication rate and length of admission
with regard to the year of procedure and annual hospital volume of surgery. Hospitals with elevated death rates were iden-
tified and the evidence quantified that they had outlying mortality rates.
Results. There were 280 081 diagnoses of extra-cranial atherosclerotic arterial disease in which 18 248 CEA were per-
formed. The mean mortality rates were 1.04% for elective and 3.16% for emergency CEA.
A volume-related improvement in mortality (p¼ 0.047) was seen for elective CEA. Length of stay decreased as annual
volume increased for elective and emergency CEA (p< 0.001).
20% of the operations were performed in 67.1% of the hospitals, each of which performed fewer than 10 CEA per annum. A
number of hospitals had elevated death rates.
Conclusions. Volume-related improvements in outcome were demonstrated for elective CEA. Minimum volume-criteria of
35 CEA per annum should be established in England. Hospitals performing low annual volumes of surgery should consider
arrangements to network services.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Carotid endarterectomy (CEA) has been shown to be
the gold standard in the treatment of symptomatic ca-
rotid artery atherosclerotic disease, when there is a sig-
nificant stenosis.1e4 Following a carotid territory event,
appropriately timed CEA can lead to significant reduc-
tions in both mortality and morbidity, with studies cal-
culating very low numbers needed to treat (NNT).2,3
However, the absolute risk reduction in adverse out-
comes is dependent upon the pathology itself and the
surgical risk. Therefore, the best outcomes are partly
achieved through the provision of the best surgical
care for these patients.
Recent studies have demonstrated a significant vol-
ume-related reduction of the in-hospital death rate
from high-risk surgical procedures both in North
*Corresponding author. P. J. E. Holt, St George’s Vascular Institute,
4th floor, St James’ Wing, St George’s Hospital, Tooting, London
SW17 0QT, UK.
E-mail address: peteholt@btinternet.com1078–5884/000646+ 09 $32.00/0  2007 European Society for VascuAmerica,5e9 and in the UK.10 A recent meta-analysis,
primarily involving data from the USA, of the rela-
tionship between volume and outcome in carotid end-
arterectomy11 suggested that there may be benefits in
terms of reduced post-operative stoke and mortality
through the limitation of the provision of this proce-
dure to higher-volume hospitals.
The meta-analysis suggested that hospitals should
be achieving annual volumes of 70e80 CEA per an-
num to achieve optimum outcomes. These volumes
may not be attainable in England, and so the relation-
ship between surgical volume and outcome should be
defined for English practice along with quantification
of the critical volume threshold for this procedure. If
a relationship is demonstrated between surgical vol-
ume and outcome for CEA in England, deaths and
adverse neurological events may be prevented.
This study used the English hospital episode statis-
tics (HES) data to investigate the outcome CEA in
England from 2000 to 2005. Comparisons were made
with current evidence on CEA.lar Surgery. Published by Elsevier Ltd. All rights reserved.
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HES data were acquired for the years 2000 to 2005.
The HES are a data warehouse run by the English
Government’s Department of Health. The data con-
tain information on every hospital admission in
England. An admission (spell) is divided into a num-
ber of episodes with an episode being a period of care
under one consultant. The data provide patient level
information on demographics, the treating hospital,
diagnostic and procedural coding, length of stay and
in-patient mortality. Diagnostic coding is recorded us-
ing the International Classification of Diseases version
10 (ICD-10) diagnostic codes and procedural coding
using the Office of Population, Census and Surveys
version 4 (OPCS-4) procedural codes.
An in-house program was designed to extract all of
the data pertaining to CEA from the database. The
data extraction process detected all episodes for all
spells between the 1st April 2000 and the 31st March
2005 in which there was an OPCS4 procedure code
of interest.
The process was dual stage, with an initial trawl
that identified all episodes that matched the criteria
and a second run to exclude any episodes that did
not have the diagnoses or procedures of interest.
This improved the specificity of the data extraction
following an initial sensitive search. A further
check was run to ensure that each record was re-
duced to one record per spell to avoid double
counting.
Once extracted, the data were organised into elec-
tive and emergency clinical groups and cleaned using
a further in-house program using the inclusion and
exclusion criteria. The clinical groups were deter-
mined through the mode of admission (ADMIMETH)
specified in HES. Elective admissions were defined as
those episodes with an ADMIMETH of 11e13 and
emergency admissions were those with an ADMI-
METH of 21e24, 28 and 81 (Table 1). OPCS-4 codes
L29.4/5/9 were used along with ICD-10 codes
I63.0e2, I64, I65.2-3 and I65.8 (Table 2).
Along with the diagnostic and procedural codes,
information was extracted regarding the admitting
hospital, patient age and gender, length of hospital
stay (through admission and discharge dates), timing
of operations compared to date of admission.
Whether the patient was discharged alive or dead
was recorded, and mortality was used as the pri-
mary outcome measure. The post-operative stroke
rate was investigated, but found not to be a useful
measure of outcome (see discussion). Instead, the
general complications of surgery were investigated
(Table 3).Data quality
In order to verify the data quality the HES data for the
publishing unit (SGH) were compared to the hospitals
Patient Administration System (PAS) information
over the five-year period in order to highlight any
discrepancies. Overall, our centre had a greater than
95% concordance when comparing the databases.
Statistical Analysis
Summary data were produced for the whole cohort
and each clinical group from the verified dataset.
Analysis was through evaluation of temporal trends
in the data over the five-year period, and assessment
of the impact of annual hospital case volume on
Table 1. Summary of Modes of Admission (ADMIMETH) as de-
fined by the HES dictionary. This study utilised ADMIMETH
11-13 to define elective admissions, and ADMIMETH 21-24 and
81 to define emergency admissions
11 Elective: from waiting list
12 Elective: booked
13 Elective: planned
21 Emergency: via Accident and Emergency (A&E)
services, including the casualty department of the provider
22 Emergency: via general practitioner (GP)
23 Emergency: via Bed Bureau, including the Central Bureau
24 Emergency: via consultant outpatient clinic
28 Emergency: other means, including patients who arrive
via the A&E department of another healthcare provider
81 Transfer of any admitted patient from another hospital
provider other than in an emergency; this does not include
admissions to high security psychiatric hospitals (HSPH)
Table 2. Procedural and Diagnostic Codes used in these analyses.
OPCS4[Office of Population, Census and Surveys e Procedural
Codes version 4. ICD-10[ International Classification of Dis-
eases e Diagnostic Codes version 10
OPCS4 Procedural Codes
L29.4 Endarterectomy of the carotid artery and patch
repair of the carotid artery
L29.5 Endarterectomy of the carotid artery
L29.9 Unspecified reconstruction of the carotid artery
ICD-10 Diagnostic Codes
I63.0 Cerebral Infarction due to thrombosis of the
pre-cerebral arteries
I63.1 Cerebral Infarction due to embolism of the pre-cerebral
arteries
I63.2 Cerebral Infarction due to occlusion or stenosis of the
pre-cerebral arteries
I64 Stroke - unspecified
I65.2 Occlusion or stenosis of the carotid artery
I65.3 Occlusion or stenosis of multiple or bilateral
pre-cerebral arteries
I65.8 Occlusion or stenosis of other pre-cerebral arteries
Procedural Codes Excluded
L29.1 Graft replacement of the carotid artery
L29.2-3 Bypasses of the carotid and pre-cerebral arteries
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dependent variables were in-hospital mortality rate,
post-operative complication rate, and length of hospi-
tal stay. Elective and emergency admissions were
examined independently.
Mortality-control charts
Mortality-control charts were generated for each clini-
cal group. These showed the mortality rate for individ-
ual hospitals against the volume of CEA performed
over the five-year period. The national mean mortality
rate was shown along with binomial 95% confidence
intervals or alarm limits. Centres that lay outside the
confidence intervals had a greater than 95% chance
that their mortality rate was outside the national aver-
age for that procedure.
Table 3. Complications identified from the HES data based on
ICD-10 codes
Renal
Acute renal failure N17 & N19
Respiratory
Acute respiratory failure J96.0 & J96.9
Pneumonia J13-16, J18, J22
Aspiration pneumonia J69.0
Pulmonary collapse J98.1
Adult respiratory distress syndrome
(post-surgery)
J80
Hypostatic pneumonia J18.2
Systemic Infection
Septicaemia T81.4, A40, A41
Septic shock A41.9
Systemic inflammatory
response syndrome
A41.9
Shock
Post-operative shock T81.1
Hypovolaemic shock R57.1, R57.9
Local infection
Graft infection T82.7
Wound dehiscence T81.3, R58
Other local complications
Mechanical graft failure T82.3, T82.8, T82.9
Haemorrhage, haemotoma, seroma T81.0
Thrombotic/Embolic
Deep Vein Thrombosis I80.1, I80.2, I80.3
Pulmonary Embolism I26
Cardiac
Myocardial infarction I21
Left ventricular failure I50.1 & I50.0
‘cardiac complications’ I50.9
Acute pulmonary oedema J81 & I24.8
Cardiogenic shock R57.0
DIC
Disseminated Intravascular Coagulation D65
Transfusion
Transfusion Reactions T80
Eur J Vasc Endovasc Surg Vol 34, December 2007Volume analysis
The effect of volume was investigated further through
analyses utilising volume quintiles, each containing
similar numbers of cases, for each clinical group.
The quintiles were arranged to include all hospitals
of the same volume in the same quintile, rather than
splitting hospitals of the same volume to achieve ex-
actly the same number of cases per quintile. Mortality
rates were compared using odds ratios, with the
lowest volume quintile in each clinical group set to
an odds ratio of one.
Multi-factorial analyses
For the mortality rate and complication rate, multiple
logistic regressions were performed. Maximum likeli-
hood estimates were generated and tested using
Chi-squared tests. The independent variables were
quantified in terms of proportional odds ratios and
95% Wald confidence limits. Through this methodol-
ogy, the models predicted estimates of the effect of
the year of procedure, and volume, on mortality rate
and complication rate, adjusted for age and gender.
For the length of stay, multiple linear regressions
were performed on the logarithm of the length of stay
using a general linear model procedure, for each clini-
cal group. The independent variables were age, gender
and year of procedure and the dependent variable log
length of stay. Type III (orthogonal) sum of squares
analyses were tested using the F-distribution and the
effect of the independent variables on length of stay
was quantified through regression estimates. This pro-
vided risk-adjusted estimates for the effect of the year
of procedure, and volume, on length of hospital stay.
Linear regressions provided estimates and 95%
confidence intervals of the trends for the number of
hospitals performing CEA each year and for the age
of patients undergoing surgery.
The impact of unilateral (I652) and bilateral (I653)
carotid stenoses on mortality was assessed using a chi-
squared test, with a 22 contingency table, for each
quintile, and for each clinical group. As more than
25% of the cells had counts of less than five, Fisher’s
exact test was used to check the validity of the results.
Hospital safety assessment
Using methods described recently,12 an assessment
was made of the in-hospital death rate at each hospital.
The technique was initially described for infra-renal
AAA. The aim of this investigation was to assess
whether hospitals could provide evidence of safety
649CEA Volume-Outcome Relationshipin CEA, rather than no evidence of danger. In-patient
mortality rates were compared using the relative risk
(RR) of mortality at a particular hospital compared to
the death rate elsewhere. The data were arranged
into three groups; hospitals with a RR between zero
and one (0< RR< 1; green), hospitals with a relative
risk between one and two (1< RR< 2; blue), and
hospitals with a RR greater than two (2< RR; red).
Theprobabilitywascalculated that the relative riskof
mortality at a given hospital was different to twice that
elsewhere, based on the number of cases and the num-
ber of deaths. The p-values were displayed on a scale
of log10(odds) to distinguish small p-values that dif-
fered by orders of magnitude. Odds were used rather
than p-values to exploit the fact that log (odds) are equal
to zero for p¼ 0.5 and so evidence of safety and danger
were shown in different directions on the y-axis.
These log10(odds) values were plotted on the y-axis
against the hospital procedural volume along the x-
axis to construct ‘safety charts’. Log10(odds) of 1.3,
equivalent to one-tailed p-value of 0.05, was indicated
by solid horizontal lines on the charts. Hospitals that
lay outside the two lines generated a significant
weight of evidence that their mortality rate was incon-
sistent with the threshold value, being either higher or
lower. Hospitals that lay within the ‘control bands’
may still have had a RR of mortality greater than, or
greater than twice, the national average, but there
was insufficient evidence to be able to identify them
as ‘safe’ or ‘unsafe.’ Overall, this technique provided
three alternative states in to which hospitals fell:
evidence of safety; insufficient evidence of safety or
danger; evidence of danger.
Results
Summary data
Between 1st April 2000 and 31st March 2005 there
were 280 081 diagnoses of extra-cranial atherosclerotic
arterial disease, on which 18 248 CEA (16 759 elective
and 1 489 emergency) were performed. Patients had
a mean age of 70.2 years for elective CEA and 70.4
years for emergency procedures. Summary data are
presented by quintile (Table 4)
Mortality rates varied from 0.9% in higher volume
hospitals to 1.5% at the lowest-volume hospitals.
Mortality control charts
A mortality control chart was produced for the elec-
tive procedures (Fig. 1). Many hospitals had excellent
results with no deaths. However, there were a number Ta
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650 P. J. E. Holt et al.of outlying low volume hospitals with mortality rates
above the upper 95% confidence interval.
The effect of volume
Increasing annual volumes of elective CEAwas associ-
ated with reduced mortality rates (odds ratio & 95%
confidence interval; 0.898 [0.808e0.999]; p¼ 0.047).
Elective CEA at the highest volume hospitals reduced
the odds of mortality by 36% compared to the lowest
volume hospitals. The in-hospital death rate for elec-
tive repairs was associated with volume (p¼ 0.047),
with a rate of 1.5% in the lowest-volume quintile
(<10 repairs p.a.) to 0.95% in the highest-volume quin-
tile (>52 repairs p.a.). The beneficial effects of volume
on outcome were apparent from the second quintile
upwards.
There was no association between annual hospital
volume and mortality for emergency admissions
(0.975 [0.798e1.191]; p¼ 0.8026).
Hospital numbers
A large number of these procedures were performed
in low-volume hospitals. Over the five years, for elec-
tive surgery, 20% of cases were performed in hospitals
doing less than ten CEA per annum, 40% in hospitals
doing 17 or fewer. There was no significant change inthe number of hospitals providing these services, by
either mode of admission, over the five-years of this
study.
When translated in to hospital numbers, over the 5
years, 216 of 322 hospitals (67.1%) performed fewer
than ten elective CEA per annum, and 265 of 322
(82.3%) of hospitals performed 17 CEA per annum
or fewer.
Complication rate and length of stay
An increasing annual hospital volume was associated
with a decreased length of hospital stay for elective
(p< 0.0001) and emergency procedures (p< 0.0001).
No relationship was seen between the complication
rate and volume for elective CEA (p¼ 0.275) or emer-
gency CEA (p¼ 0.181).
Risk of uni-/bi-lateral stenoses
Chi-squared analysis of the risk of mortality conferred
by unilateral or bilateral carotid artery stenoses
was non-significant for elective ( p¼ 0.644) and emer-
gency ( p¼ 0.165) CEA. The relative proportion of
patients with uni-lateral or bi-lateral stenoses was not
dependent upon the annual hospital volume of CEA,
nor on the mode of admission. These results wereFig. 1. Mortality-Control Chart e Elective CEA. In-patient death rate (drate) against hospital case volume in five years. The
horizontal line represents the national mean mortality rate over five years. Upper and lower 95% confidence intervals from
the mean are shown. Each point represents the mortality rate over five-years at an individual hospital. There were several
low volume hospitals with mortality rates above the 95% confidence interval and the national mean mortality rate.
Eur J Vasc Endovasc Surg Vol 34, December 2007
651CEA Volume-Outcome Relationshipconfirmed by Fisher’s exact test (p¼ 0.243
and p¼ 0.144 for elective and emergency CEA
respectively).
Safety charts
Safety chart assessment (Fig. 2) demonstrated that, for
elective CEA, there were six hospitals where the prob-
ability of mortality was significantly greater than
twice that elsewhere. This provided significant statis-
tical evidence of elevated mortality for CEA at these
hospitals. There were a number of hospitals with
statistical evidence of safety. A minimum number of
30 CEA per annum was needed in order to be able
to evaluate safety.
Age and gender
Increasing age had a detrimental effect on the death
rate, complication rate, and length of stay for
elective CEA. Male gender was associated with an
increased length of hospital stay for elective repairs
(p< 0.001).Year of procedure
There was no effect of the year of procedure on in-
patient death rates for either elective CEA ( p¼ 0.907)
or emergency CEA ( p¼ 0.577). More recent elective
CEA did not have a significantly different complica-
tion rate (OR þ/ 95% CI 0.961 [0.919e1.004]; p¼
0.073), whereas a greater number of complications
were seen in more recent years for emergency CEA
(1.122 [1.020e1.235]; p¼ 0.019). The year of procedure
had a significant impact on the length of stay for elec-
tive procedures, with more recent CEA having
a shorter in-patient stay ( p< 0.0001). There was no
change in length of stay over the study period for
emergency CEA ( p¼ 0.924).
Discussion
This study, which utilised current English data, dem-
onstrated a strong relationship between the annual
volume of CEA a hospital undertook and outcome.
All CEA in England between 2000 and 2005 were
included. Hospitals that performed higher annual
volumes were associated with lower mortality rates
and a shorter in-patient length of stay.Fig. 2. Safety Chart for Elective CEA comparing the mortality rate at a hospital to twice that elsewhere. Relative risk of mor-
tality less than elsewhere are green, RR mortality 1-2 times greater than elsewhere (blue) and more than twice elsewhere
(red). Control bands represent p-values of 0.05. Each point represents the log10odds of the p-value for the relative risk of
mortality compared to twice that elsewhere. When a point lies above the upper control band this represents evidence of
danger. When a point lies below the lower control band this represents evidence of safety. Points between the control bands
provide insufficient evidence of safety or danger. Six hospitals had evidence that their mortality rate was more than twice
that elsewhere, and therefore demonstrated ‘danger.’ Some hospitals provided evidence of safety based on the number of
cases and number of deaths. These hospitals are shown in green and lie below the lower control limit. A minimum of 150
cases in five years (30 per annum) were required in order to demonstrate safety.
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652 P. J. E. Holt et al.The clinical correlation of ‘emergency’ CEA was
likely to be those admitted to hospital as an emer-
gency with a symptomatic carotid artery stenosis.
However, the numbers were relatively small, and
the correlation uncertain. Therefore, the discussion
and conclusions in this study have been drawn exclu-
sively on the elective admissions. Additionally, with
elective admissions it was only possible to say that
the mode of admission was planned and elective,
rather then to explicitly state whether the stenoses
were symptomatic. It is likely that the elective group
contained a combination of symptomatic and asymp-
tomatic stenoses.
The mortality rate of this cohort was in keeping
with current evidence,3,4,13 for example ECST where
the quoted mortality rate was 0.9% in those patients
with a stenosis of 70e99%.3 This concordance in the
mortality rate would suggest that the selection crite-
ria established from ECST have been appropriately
adopted in England, and that the trial results still ac-
curately reflect current practice. Discussion of the
post-operative stroke rate is reserved for later in
this discussion.
A recent meta-analysis11 of the volume-outcome re-
lationship for CEA, based largely on data derived
from North America, suggested that hospitals wish-
ing to provide CEA should be capable of providing
more than 80 CEA per annum, but accepted that every
healthcare system would have to assess its own vol-
ume threshold based on the proportion of symptom-
atic to asymptomatic cases undertaken, as well as
the total case volume.
Though this study found that there were some En-
glish hospitals achieving these very high annual vol-
umes, the value was clearly in excess of that which
could be considered a commonly achievable volume
in England. This is highlighted by comparing the
thresholds for each volume quintiles identified here
to that of Birkmeyer et al.14 The data from the Nation-
wide In-patient Sample and Medicare claims database
identified ‘very low volume hospitals’ and ‘very high
volume hospitals’ as those performing fewer than 40
or more than 164 CEA per annum respectively. This
contrasts sharply with this study where equivalent
groups performed fewer than 10 and more than 52
CEA per annum. In fact, the US thresholds would in-
clude 70% of English CEA provision in the ‘very low
volume hospitals’ group.
In England, a minimum volume criterion of 35
CEA per annum should be established, based on the
current analyses. This figure was based on the fact
that the worst outcomes were seen in the lowest vol-
ume quintile, in which the hospitals all performed
fewer than ten cases per annum.
Eur J Vasc Endovasc Surg Vol 34, December 2007216 hospitals performed 20% of the cases and had
a mortality rate 0.5% higher than the mean mortality
rate of the higher volume quintiles. If these lowest
volume hospitals were excluded from performing
CEA, then approximately 670 cases would need to
be shifted to the remaining 106 hospitals per annum,
or approximately six additional cases per annum for
each of the remaining hospitals. This increase in case-
load should be an easily achievable target for the
higher volume hospitals. Each remaining hospital
would have to perform an average of 31 CEA per an-
num in order to meet the current demand. Based on
the quintile analysis, this would be equivalent all re-
maining hospitals being in the top two volume quin-
tiles. Furthermore, this shift in services would also
mean that all remaining hospitals would achieve the
minimum annual volume required in order to inter-
pret safety, 30 CEA per annum, as established from
the safety chart.
Hospitals that are unable to meet the volume-
criteria of 35 CEA per annum should be encouraged
to refer their cases elsewhere as they cannot then
provide evidence of safety in this procedure.
It would be possible to extend this model to ex-
clude the lowest two volume quintiles, in which
case 57 hospitals would remain and would be re-
quired to take on an additional 23 cases per annum,
giving a mean annual volume of 59 cases at each hos-
pital per annum. However, there is evidence that in
areas of England that do not have an established
CEA service, then instead of patients being referred
elsewhere, they are simply not offered CEA.15 As a re-
sult, the suggestion for service reconfiguration is
based on figures that provide a sufficient number of
cases per hospital to interpret safety whilst signifi-
cantly improving outcomes and providing the great-
est number of hospitals for CEA services.
Case-mix
In terms of case-mix, higher-volume hospitals per-
formed a greater proportion of operations on older,
male patients. Increasing age was shown in this study
to have a detrimental effect on survival, and male
patients had a longer admission than females. There
was no difference seen in mortality for those patients
presenting with unilateral or bilateral carotid artery
stenoses, and these were not dependent on the annual
hospital volume of CEA. As such, there was no case
for additional risk-adjustment based on these diag-
nostic codes.
These data would suggest that higher volume hos-
pitals had a more difficult case-mix, and worse
653CEA Volume-Outcome Relationshipoutcomes might be expected. Despite this, for elective
surgery, higher volume hospitals had a reduced mor-
tality rate and a shorter length of stay. These findings
are in keeping with previous studies that demon-
strated that volume related differences in outcome
persisted even after adjustment for case-mix.16,17
The level of case-mix adjustment used here was
similar to the ‘intermediate model’ described by Aylin
et al.18 for risk-adjustment based on HES data. This
was shown to have a similar predictive value for mor-
tality as the most complex risk models available from
clinical databases and registries. So, although a rela-
tively simple method, its use can be defended as using
the most reliable aspects of the HES data and achiev-
ing at least comparable accuracy to models compris-
ing physiological data. That is not to say that future
studies should not continue to devise more accurate
risk-adjustment models.
Stroke
The index outcomes for CEA are stroke and mortality,
but there is no ICD-10 code to identify specifically
a post-operative stroke for these data. Clinical coding
was performed retrospectively, and patients may
have originally attended with an ipsilateral CVA, TIA,
or amaurosis fugax. In this study, there was no way in
which to discern pre-operative from post-operative
symptoms. An investigation was made in to the stroke
rate relative to the annual hospital volume of CEA, but
a code for ‘stroke’ was identified in 80 to 90% of CEA
cases, making it less useful for analyses of this type.
Clearly this was open to a wide range of interpreta-
tions at the time of the clinical event, then again in the
subsequent coding. Even if a separate code were avail-
able for post-operative stroke, the use of it would
remain open to clinical interpretation, a problem that
has been highlighted in the past where the inconsistent
use of ‘ipsilateral stroke’, ‘disabling stroke’ and ‘any
stroke’ have led to difficulties in interpreting CEA out-
comes data. These criticisms extend to the large trials
upon which CEA selection criteria are based.3,4 With
these clinical and coding issues in mind, it was sug-
gested that ‘‘the most valid measure for CEA outcome
is post-operative death’’,11 and the conclusions in this
study have been drawn on this basis.
Even if it is accepted that no real information can
be drawn on the post-operative stroke rate from these
data, the meta-analysis11 did find a correlation be-
tween the post-operative mortality rate and stroke
rate and it was suggested that mortality could be
used as an accurate surrogate for other outcomes of
CEA in absence of accurate stroke data. Therefore,based on this statement, and these findings, it is likely
that in England, increasing hospital annual volumes
of CEA would reduce the post-operative stroke risk,
and would add weight to the case towards the ration-
alisation of care for this procedure.
The effective working of a multi-disciplinary team
(MDT) has been identified as a key factor in improv-
ing outcomes in many clinical situations. Higher vol-
ume hospitals, especially the largest academic
hospitals, have easy access to the required MDT for
CEA. This includes the routine assessment of all
CEA patients by a neurologist pre-operatively and im-
mediate access to vascular laboratories, with specialist
technicians.
The impact of hospital infrastructure and appropri-
ate support as a major component of the volume-
outcome relationship become clear when considering
the fact that, for CEA, lower-volume surgeons
achieved results similar to higher-volume surgeons
when operating in higher-volume hospitals.19 This
was shown to act independently to the relationship
between surgeon operative volume and outcome.
It should be stressed that individual surgeon an-
nual caseload has been shown to be an important fac-
tor in the outcome of CEA.17,20,21 The degree to which
hospital volume or surgeon volume determine out-
come is uncertain. It is likely that surgeon volume
plays a major role since CEA is a technically demand-
ing procedure in which the physiological stresses are
not as significant as for other vascular procedures,
such as AAA repair, which are dependent upon criti-
cal care expertise to attain the best outcomes. Surgeon
level data were not publicly available from HES and
so the analyses presented were confined to the rela-
tionship between hospital volume and outcome. The
overwhelming evidence from previous studies is
that death and stroke rate for CEA are lowest for
high-volume vascular specialist surgeons, operating
in high-volume hospitals.
Finally, these data, being reliant on clinical coding,
though accurate for the mortality, date of admission,
date of discharge and primary procedural code, con-
tained no information about the degree of stenosis,
about patient physiology, details of pre-operative
neurology or operative technique. In order for more
accurate assessments to be made in the future, em-
phasis should be placed on submission to databases,
which should be led by senior clinicians.
Conclusions
Volume-related reductions in mortality rate and
length of hospital stay were demonstrated for elective
Eur J Vasc Endovasc Surg Vol 34, December 2007
654 P. J. E. Holt et al.CEA. Volume-criteria should be established in En-
gland on the basis of these results. Hospitals should
perform a minimum of 35 CEA per annum if they
wish to provide this procedure. The large number of
hospitals performing a low annual volume of surgery
should have their workload moved to larger specialist
units.
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